Abstract-In this paper, the explicit finite element dynamic software LS-DYNA was utilized to investigate the process of projectile penetrating targets. The finite element model of projectile is simplified as two parts, warhead and balance part. In the finite element model, the threaded connection between warhead and balance part was set appropriately as contact. Projectile penetrated two or three target plates with different thicknesses, which are made of different materials. The results show that the contact between warhead and balance part fails in the penetration. After penetration, petal shaped crevasse appears on the target plate. While projectile penetrate the second or the last target plate, balance part may impact warhead after the failure of contact.
INTRODUCTION
With the rapid development of computer technology, Computer Aided Engineering (CAE) has been widely applied in the field of engineering technology [1] [2] [3] . As the most widely used numerical method, finite element method (FEM) [4] has been utilized to investigate the process of penetration and high velocity impact [5] [6] [7] [8] [9] .LS-DYNA is a kind of explicit dynamic software and can simulate the process of projectile penetrating target plates [10] [11] .
There have already been some studies about penetration [12] [13] [14] . However, most of these studies simplify the projectile as a whole, and there is only one target plate. In this paper, the finite element model of projectile is simplified as a two parts, warhead and balance part. And the contact type between warhead and balance part was set appropriately to simulate the threaded connection. Projectile penetrated two or three target plates with different size, which are made of different material.
II. NUMERICAL MODELLING
The model of one kind of projectile is shown in Fig .1 . This projectile is made up of two parts, warhead and balance part. They are connected by thread. Warhead is made of high strength material. Balance part is used to balance the projectile. 
B. Material Model
The material of warhead and balance part is 30CrMnSiA-GB/T3077-1999, and we use PLASTIC_KINEMATIC material model in the simulations. Target Plates are made of two kinds of materials, 7A04Al and Q235Steel. The material model for target plates made of 7A04Al is PLASTIC_KINEMATIC, and for target plates made of Q235Steel is JOHNSON_COOK. The material properties are listed in Tab.Ⅱ and Tab.Ⅲ.
C. Setting Contact for Threaded Connection
In the finite element analysis, we use the contact type *CONTACT_TIEBREAK_SURFACE_TO_SURFACE （TSTS）to simulate the threaded connection between warhead and balance part.
Tiebreak contact is identical to tied contact except that the contact nodes (surfaces) are tied to the target surfaces only until a failure criterion is reached (Fig .4) . This is done by 'pinning' the contact nodes (surfaces) to the target using a penalty stiffness; after the failure criterion is exceeded, the contact nodes (surfaces) are allowed to slide relative to, or separate from, the target surface. The tiebreak contact options are typically used to represent spot-welded or bolted connections. The main difference between TNTS and TSTS is that the TSTS failure is based on a failure stress and the TNTS is based on a failure force. When using TSTS, the normal (V1) and shear (V2) failure stresses must be specified. 
n f is the normal failure stress, and s f is the shear failure stress. The normal failure stress of threaded connection is 765MPa, and the shear failure is 400MPa. The connection between warhead and balance part is shown in Fig .6 . 
RESULTS
By the code ANSYS/LS-DYNA, processes of penetration under different conditions have been simulated.
In the condition b, for example, projectile penetrated target plates with the initial velocity 700m/s. Fig .7-Fig .9 are mises stress nephograms of warhead, balance part and target plates. The max mises stress of warhead is 24.94GPa in the process of penetration. The max mises stress of balance part is 8.58GPa in the process of penetration. There are petal shaped crevasse on the target plates because of the penetration. The penetration will reduce projectile's velocity, so the petal shaped crevasse on the first target plate is curliest in the process of penetration, and the crevasse on the second target plate is curlier than the crevasse on the last target plate.
Velocities of warhead and balance part are shown in Fig .10 . It's indicated in Fig .8 that balance part's velocity is reduced by target plates for penetrations. But after the first penetration, the velocities of two parts have been different, and while the second and the last penetration, the velocity of warhead has been increased because of collisions between warhead and balance part. The threaded connection was failed in the process of penetration.
Accelerations of warhead and balance part are shown in Fig .11 . Fig .9 shows that the peak of overload on warhead when the projectile penetrates the first target plate is about 7000g, and its pulse width is about 0.25ms. The peak of overload on balance part when the projectile penetrates the first target plate is about 10000g, and its pulse width is about 0.25ms.
The peak of overload on warhead when the projectile penetrates the second target plate is about 9000g, and its pulse width is about 0.3ms, but then a reverse overload, whose peak is about 4000g and pulse width is about 0.2ms, appears because there is a collision between warhead and balance part. The peak of overload on balance part when the projectile penetrates the second target plate is about 10000g, and its pulse width is about 0.2ms.
The peak of overload on warhead when the projectile penetrates the last target plate is about 12000g, and its pulse width is about 0.25ms, but then a reverse overload, whose peak is about 5000g and pulse width is about 0.25ms, appears because there is a collision between warhead and balance part again. The peak of overload on balance part when the projectile penetrates the last target plate is about 11500g, and its pulse width is about 0.25ms. From above content, we can make the following analysis:
（ 1 ） Under condition of a and b ， the threaded connection failed after projectile penetrated the first target plate, and then there were two collisions between warhead and balance part.
（2）Under condition of c，the threaded connection failed after projectile penetrated the first target plate, but there was no collision between warhead and balance part because the distance between warhead and balance part is too long.
V. CONCLUSION
In this paper, projectile penetrated two or three target plates with different thicknesses, which are made of different material. Projectile's initial velocity can be 600m/s or 700m/s.
The results in the present investigation can be summarized as follows:
(1)When projectile penetrates target plates, the threaded connection will fail. Then the warhead and the balance part will separate from each other, but the balance part will impact the warhead when the warhead penetrates next target plate.
(2)After penetration, there will be petal shaped crevasse on the target plates. Target plates will reduce projectile's velocity.
(3)Warhead and balance part will continue to move forward.
